The most reliable method of distinguishing strains of low virulence amongst a collection of stock strains of Newcastle disease virus (NDV) was by their failure to produce a good c.p.e, in monolayers of baby hamster kidney cells and of chick embryo cells. This method was of no help in identifying avirulent mutants that emerged in the Essex 70 strain of NDV following ultraviolet light, nitrous acid,
The most reliable method of distinguishing strains of low virulence amongst a collection of stock strains of Newcastle disease virus (NDV) was by their failure to produce a good c.p.e, in monolayers of baby hamster kidney cells and of chick embryo cells. This method was of no help in identifying avirulent mutants that emerged in the Essex 70 strain of NDV following ultraviolet light, nitrous acid, hydroxylamine or N-methyl-N'-nitro-N-nitrosoguanidine (NTG) treatment. A marked reduction in the ability to kill developing chick embryos at 4I °C was a much more reliable indicator. Several of these temperature-sensitive mutants, most of which had been isolated from NTG-treated virus, were non-lethal for young chicks but they did have a depressive effect on their growth rate. The immunity produced by three of these mutants in chicks free of NDV antibody, but not ill chicks possessing appreciable amounts of antibody, was probably even better than that produced by Hitchner BI strain. All three mutants reverted to virulence during passage in chicks, although in no case were the revertants as virulent as the original Essex 7o strain. The virulent revertants obtained from one of the mutants had lost their temperature-sensitivity and proliferated in large numbers in the tissues of infected chicks. Those obtained from the other two had either not lost, or only partty lost, their temperature-sensitivity; they were found only in low concentrations in the tissues of infected chicks, their concentrations being little different from that found in the tissues of chicks infected with the mutants from which they were derived.
INTRODUC~fION
Failure to control the widespread outbreak of Newcastle disease that commenced in Essex, England in I97O was commonly attributed to inadequacy of the available vaccines, although this was subsequently found not to be the case. Because the vaccines then in use were naturally occurring strains of Newcastle disease virus (NDV) of reduced virulence, we decided to explore the possibility of obtaining superior ones by treating the strain (Essex 70 ) causing the outbreak with mutagens. In view of the high normal body temperatm-e of chickens (approx. 41 °C), special attention was paid to obtaining mutants that were temperaturesensitive (ts) because it was considered that they migM be unable to replicate in the deeper tissues of the body of chickens but able to replicate sufficiently at the lower temperatures prevailing in the upper respiratory tract to provoke antibody formation. Reeve, Alexander & Allan (1974) have described the isolation of a low virulence variant from Essex 7 o, and Brandt & Simon 097o) and Prebble & Youngner (1972, i973a, b) have reported the isolation of ts mutants of the Herts strain of NDV but they did not investigate their immunogenicity.
METHODS
Obtaining mutants. The main approach to obtaining mutants of Essex 7o of potential value as vaccines was first to examine a selection of stock NDV strains of differing virulence for plaque size and ability, at different temperatures, to produce a c.p.e, in monolayers of different tissues and to kill developing chick embryos, with the object of identifying characters associated with reduced virulence; the selection included well-established vaccine strains. Then suspensions of Essex 7o stock virus that had been gl own in monolayers of chick embryo kidney cells (CEK) were treated with mutagenic agents and inoculated on to plates of CEK monolayers in a manner likely to yield well-isolated plaques after incubation. About Ioo well-isolated plaques from each treated sample were grown in tubes of CEK monolayers and examined for those characters that had been found to be associated with reduced virulence in the stock NDV strains and also for temperature-sensitivity. Isolates that satisfied any of these criteria were plaque-purified and re-examined more intensively. Those yielding results similar to those obtained when first tested were retained for assessing their virulence and immunogenicity in chicks; three, tsl6, tsl8 and ts2I, were subsequently plaque-purified twice.
NDV strains. All the stock NDV strains studied, Essex 7 o, Herts, Warwick, Italien, Komarov, Roakin, La Sota, Hitchner B I, F 146 and Queensland, were received as lyophilized seeds from Mr W. H. Allan of the Central Veterinary Laboratory, Weybridge, Surrey. On receipt, the Essex 70 strain was plaque-purified and all strains were propagated in CEK monolayers, the culture fluids then being stored at -7 ° °C with little or no loss in virus titre. Adjusted to contain approx. 5 x io 7 plaque-forming units (p.f.u.)/ml, these virus suspensions and similar ones of mutants prepared from Essex 7 ° were used in all the procedures and experiments described below. The actual dose used for inoculating tubes of monolayers, embryonated eggs and chicks was 5 x [o 5 p.f.u. Monolayers. Primary chick embryo kidney monolayers (CEK) were prepared from trypsinized kidneys of I9-day-old embryos. Monolayers in tubes Ooox T2 mm with rubber bungs) were used after 24 h incubation. Monolayers on Petri plates (50 ram) were used after 48 h incubation in a humidified incubator containing 5 ~ CO.2. For both tube and plate monolayers the growth medium consisted of Eagle's Minimum Essential Medium (MEM) containing 5 ~ calf serum; the maintenance medium for the tube monolayers was MEM with 4 G glucose added. The plate monolayers were covered with two layers of agar, the first containing 5 ~ calf serum in MEM and the second o'oo5 ~ neutral red and 2 ~oo calf serum in MEM. Primary cbick embryo monolayers (CE) were prepared from trypsinized whole 9-day-old embryos and used after 24 h incubation. The growth medium was MEM containing 2 ~ calf serum and the maintenance medium MEM. Baby hamster kidney cells, BHK21, clone I3, were propagated in the Glasgow modification of MEM containing ~o ~ of calf serum and IO °/o tryptose phosphate broth (Macpherson & Stoker, I96z); they were maintained in this medium with the calf serum content reduced from Io to I ~. Only tube monolayers of CE and BHK were used. Penicillin, Ioo International units (i.u.)/ml and streptomycin, Ioo/tg/ml, were added to all monolayers which, unless stated, were incubated at 37 °C after inoculation. The plates of CEK monolayers were incubated for 4 to 5 days, For propagating virus, tubes of monolayers were incubated for 2 to 3 days; for studying the c.p.e, of Essex 7o mutants and other strains they were read at 3 days.
Embryonated eggs. 
Mutagenesis
Ultraviolet light (u.v.) . Hydroxylamine. This was employed using the method of Thiry (I963), the final concentration of NH2OH.HC1 in the Essex 70 suspension being 2 M and the pH 6.0. Incubation at 37 °C was for 6 h, specimens being removed at ½ h intervals between 4 and 6 h, diluted loo times with MEM and tenfold falling dilutions inoculated on to plates of CEK monolayers. The approximate percentage of infectious virus particles that survived exposure for 4, 4"5, 5, 5"5 and 6 h was 0.2, o.r, 0-02, 0'005, and 0.002 respectively. Nitrous acid. The method of Thiry (1963) was employed. The reaction was allowed to proceed at room temperature and specimens of the Essex 7o suspension were removed at min intervals between 5 and ~o min and neutralized immediately in MEM containing added sodium bicarbonate. Tenfold falling dilutions were then inoculated on to plates of CEK monolayers. The approximate percentage of infectious virus particles that survived exposure for 5, 6, 7, 8, 9 and ~o min was o. I, 0"03, o.ot, . A freshly-prepared solution of NTG was added to 2 ml of Essex 7o suspension to give a final concentration of 80o/~g/ml. After a reaction time ore h at 37 °C the fluid was diluted io times with MEM and dialysed for 18 h. Failing tenfold dilutions of the dialysate were then inoculated on to plates of CEK monolayers. Approx. o.I ~ of the infectious virus particles survived this treatment. 
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* High, produces almost a IOO % mortality rate in susceptible chickens; Moderate, produces pronounced clinical signs but only a low mortality; Low, produces only mild clinical signs.
I" Each strain was inoculated into the allantoic cavity of ten 9-day-old chick embryos and on to cell monolayers in a dose of 5 x I@ p.f.u. ; the median survival times of the embryos in days are quoted followed by, in brackets, the range. CEK = chick embryo kidney cells; CE = chick embryo cells; BHK = baby hamster kidney cells; + + + to + = varying degrees of cytopathic effect (c.p.e.) in the monolayers, from marked to very slight.
RESULTS

Laboratory characteristics of strains of ND V of differing virulence
The results of submitting stock strains of Newcastle disease virus (NDV) of differing virulence to laboratory tests are summarized in Table I . Larger plaques were produced on plates of chick embryo kidney (CEK) monolayers by the strains which were known to be more virulent than by the others. The high and moderate virulence strains killed chick embryos more rapidly than the low virulence strains did. Embryos inoculated with the two low virulence strains, FI46 and Queensland, usually survived longer at 4[ °C than at 37 °C; the reverse was true in the case of the other strains. All the strains produced a good c.p.e, in tubes of CEK monolayers, the effect, if anything, being more severe at 41 °C than at 37 °C. However, in monolayers prepared from BHK cells or whole chick embryos (CE), the low virulence strains, at the most, produced only a slight c.p.e. By contrast, the highly virulent strains usually completely destroyed the BHK and CE monolayers; the moderately virulent ones had a similar effect on CE monolayers and a less severe but definite c.p.e, on BHK monolayers.
Mutants of Essex 70 obtained by treatment with different agents: their laboratory evaluation as potential vaccines
In view of the results of the previous experiments, isolates obtained after treating Essex 7o with mutagens were tested for reduced ability to produce a c.p.e, in CE and BHK monolayers at 37 °C and CEK monolayers at 37 °C and 41 °C or reduced ability to kill developing chick embryos at 37 °C and 41 °C. (Their plaque size was also recorded but isolates were not selected on this basis.) Twenty-two isolates satisfied one or more of these criteria; two were detected amongst 2oo isolates obtained by u.v. light treatment, three amongst 30o obtained by nitrous acid treatment, one amongst 2oo obtained by hydroxylamine treatment and 16 amongst 20o obtained after NTG treatment. The laboratory characteristics of these mutants Table I. are summarized in Table 2 . Some differed from the Essex 70 parent strain in failing to produce a good c.p.e, in CE and BHK at 37 °C (I strain), in CEK at 4I °C (6 strains) and in all these tissues at these temperatures (i strain). Others differed in one or more of these respects and in producing much smaller plaques or in taking a slightly longer time to kill chick embryos at 37 °C and 4I °C (4 strains). Ten, apart from producing small plaques, exhibited a definite ts effect in chick embryos as well as in CEK; 5 of them also failed to produce a good c.p.e, in CE and BHK.
7he virulence and immunogenicity for NDV antibody-J?ee chicks of Essex 7o mutants
There was a great variation in mortality rate between groups of 25 chicks inoculated intranasally with one or other of a selection of the Essex 7o mutants (Table 3) . Mutant I which had been found to differ from the parent strain only in failing to produce a good c.p.e, in CE and BHK exhibited no reduction in virulence. The mutants which differed in failing to produce a good c.p.e, in CEK at 4I °C, in producing smaller plaques and/or in taking a longer time to kill chick embryos at 37 °C and 41 °C (ts2, ts8, ts9, tsIo, tst I and ts~2) showed a slight reduction in virulence, evidenced principally by an increase in survival time of the inoculated chicks. By far the least virulent were the nine mutants that exhibited a temperature-sensitive effect both in chick embryos and in CEK, irrespective of whether (ts13, tsI5, tsl6 and tsI7) or not (ts18, tsI9, ts2o, tsal and iS22) they produced c.p.e, in CE and BHK. Only r9 of the 225 chicks inoculated with these mutants died. The immunity possessed by most of the groups of chicks when challenged intranasally with Essex 7o itself I4 days after vaccination was good, resembling that produced by the live vaccines, Hitchner B1 and La Sota, and by a dead oil-based NDV vaccine.
The results of vaccinating groups of 85 chicks with Hitchner BI and with 3 of the temperature-sensitive mutants, tsl6, ts18 and tszI, which in the previous experiment appeared to hold out the most promise as potential vaccines, are summarized in Table 4 . Very little * The live vaccines and Essex 70 were given intranasally in a dose of approx. 5 x io s p.f.u. ; the oil-based dead vaccine was given subcutaneously in a dose of o'5 ml. The chicks were vaccinated when 4 days old and challenged with Essex 70 I4 days later. For other details see Table 2 . mortality occurred in any of the four groups and when the immunity of the chicks was challenged 28 days after vaccination all four vaccines were found to have produced a good immunity against the four strains of NDV used for challenge.
All four groups exhibited a high degree of immunity when the immunity of groups of chicks was challenged with Essex 70 at 28, 56, 84 and I I2 days alter they had been vaccinated with one or other of the 3 mutants employed in the previous experiment or with Hitchner BI (Table 5 ). Higher levels of HI antibody were found in the sera of chicks given the mutants than in the sera of those given Hitchner BI. For example, 28 days after vaccination the median of the reciprocals of the HI titres of the sera of io chicks in each of the groups given tsI6, tslS, tszr and Hitchner Br was greater than IO24, 256, 256 and 64 respectively; the corresponding figures II2 days after vaccination were i28, 64, I28 and 16.
A reasonably good immunity to intranasal challenge with Essex 7o was detected in groups of 25 chicks 7, but not 4, days after vaccination intranasally or subcutaneously with the 3 mutants or Hitchner BI. The number of chicks that died in the vaccinated groups was 2 to 8 and in the unvaccinated control group was 25; the number that died in a group vaccinated subcutaneously with the dead oil-based vaccine 7 days before challenge was 22.
Groups of 25 unvaccinated chicks were placed in the same pen as similar-sized groups of chicks one day after the latter had been vaccinated with the 3 mutants or with Hitchner BI ; 2~ days later all the chicks were inoculated intranasally with Essex 7 o. Of the chicks kept in the same pen as those that had been vaccinated with Hitchner BI, 2i survived this challenge; Table 3 . * Four groups of 2o chicks were inoculated intranasally with each vaccine when 5 days old; another four groups were kept as controls. For other details see Table 3 . the corresponding figures for the chicks kept in the same pen as those vaccinated with tsI6, tsI8 and tsz~ was 6, 3 and lo respectively. Immediately before challenge, the HI titres of the sera of xo unvaccinated chicks in each group were determined. The sera of 8 of the IO exposed to Hitchner Bt had titres ranging from I in 4 to I in z56. These 8 survived challenge whereas the remaining two in whose sera no antibody was detected died. Of the 3o exposed to tsi6, ts~8 or ts2G tile number in whose serg HI antibody was detected was i, 2 and 3 respectively; these 6 survived challenge but the other 2 4 died.
The results of an experiment (designed and analysed by Mr J. G. Rowell of the Agricultural Research Council Statistics Group, Cambridge) to assess the effect of the 3 mutants and Hitchner BI on tile growth rate of chicks are summarized in Table 6 . The growth rate of the chicks vaccinated with the 3 mutants was significantly less than that of the chicks * All chicks were given I ml of NDV antiserum I day before they were vaccinated. For other details see Table 3 . vaccinated with Hitchner Bl or the control chicks; there was no significant difference between the growth rate of the chicks vaccinated with Hitchner B1 and the control chicks.
When 30 chicks were inoculated intranasally with o-oi ml of a mixture of broth cultures of Mycoplasma gallisepticum and an o78 : K80 strain of Excherichia cell at 2, 5 and 8 days of age and with tsI6 when 5 days of age, 8 died from generalized E. coti infection or were found at the end of the experiment to have severe lesions typical of this infection. The corresponding figures for similar experiments in which ts2I, tsI8, Hitchner BI or no virus was administered instead of tsx6 were 5, 4, I and o respectively.
The virulence and immunogenicity for NDV antibody-positive chicks of Essex 7 ° mutants
Groups of chicks that had acquired NDV antibody from their dams were inoculated intranasally or subcutaneously with the 9 mutants illustrated in Table 3 that showed low virulence for NDV antibody-free chicks, La Sofa, Hitchner BI and the dead oil-based vaccine. Very little mortality occurred in these groups subsequently. Only Io of the 3 z chicks in an additional group given Essex 70 died, the median survival time of these ten being I2 days and the range 3 to 19 days -a reflection of the protective effect of the maternally acquired antibody. When challenged with Essex 7o eleven days after vaccination, however, most of the groups experienced a low mortality rate, many of the chicks exhibiting the typical nervous signs of Newcastle disease before death. The mortality rate in the chicks vaccinated with the dead oilbased vaccine, however, was the same as that in a similar group that had not been vaccinated, I ~ out of 25, this comparatively low rate in unvaccinated chicks indicating that significant levels of protective antibody were still present in some of the chicks. The HI antibody titre of the sera of zo of the chicks immediately before they were vaccinated varied from I in lO to I in 64o (median I in 8o). A great variation was also found between the titres in sera taken from chicks in the same group at the time of challenge although, with the exception of those vaccinated with La Sota, tsto (intranasaIIy) and Essex 7 ° itself, they were, in general, considerably lower than the titres recorded immediately before vaccination.
Because of the great variation in the amount of maternally acquired antibody in the chicks used in the previous experiment, further studies to assess the influence of antibody on the efficacy of vaccines were performed on NDV antibody-free chicks given I ml of antiserum (HI titre, l in loooo) subcutaneously when they were 3 days old. HI titres in the region of I in I6o were found in the sera of these chicks one day later. Thirty-three were given Essex 7o intranasally at this time and 2 died. When the experiment was repeated using the antiserum diluted 1 in 3, 9, ::7 and 8[, the number of chicks that died was 3, 6, 2I and 2 7 respectively.
Groups of chicks were vaccinated with the three mutants, tsI6, tsI8 and ts2~, or Hitchner BI one day after receiving i ml NDV antisera. They were challenged with Essex 7o at different times afterwards and the results are summarized in Table 7 . Contrary to the findings in the * ts = temperature-sensitive form; pts = partly temperature-sensitive form; the other forms exhibited no temperature-sensitivity.
t From the first passage of tsi8, two plaques, (3) and (8), instead of one, were selected for virulence testing and further passage. days later with Essex 70 . The number that died in the groups given the serum undiluted or diluted 3, 9, 27 and 81 times was 4, 2, 2, o and o respectively. The corresponding figures for a set of groups which differed in that they were not vaccinated was T2, ~5, r9, 24 and 22.
The distribution of virus in the tissues of chicks inoculated with Hitchner BI and Essex 7o mutants: the effect of passage
Groups of chicks were inoculated intranasally with Hitchner B~, mutants ts16, tsl8 and ts2r and Essex 70 itself. Two chicks from each group were killed at daily intervals and plaque counts performed on nasal, tracheal, lung, spleen and brain tissue. Other groups inoculated with CEK cultures ofpassaged Hitchner BI, tsI6, tsi8 and tszt were examined in a similar manner. The seed material for each of these passaged cultures was a plaque obtained from a CEK plate that had been used for performing counts on brain tissue of chicks given virus of the previous passage; plaques from lung or tracheal tissue were used in the case of Hitchner B I because this virus was never isolated from brain tissue. The results of all the examinations of tracheal, lung, spleen and brain tissue are summarized in Fig. I and 2 . On the occasion when they were available, up to 2 freshly dead chicks from each group were examined in addition to the 2 that were killed; the results for these are included with those for the killed ones in Fig. I . The mortality rates produced in other groups of chicks by the passaged strains are shown in Table 8 .
There was no important difference between Hitchner B I in its original and passaged forms in regard to tissue concentration and location and in lethality. It was commonly found in nasal and tracheal tissue of chicks killed in the first 6 or 7 days, often in concentrations of Io S to lO 4 p.f.u./g; it was also isolated, always in low concentration, from the lungs of a few chicks, the spleen of one and the brain of none. Because after one passage ts18 was lethal for chicks, 9 cultures were prepared from single plaques obtained from the same specimen of brain tissue that had yielded the particular plaque from which that lethal culture had originated; the chick from which the brain tissue had been taken was healthy when killed. Nine cultures were also prepared from single plaques isolated from spleen tissue of another 2 chicks belonging to the same infected group as this chick. Groups of I2 chicks were inoculated intranasally with the r8 cultures. Those given the spleen cultures remained healthy but 2 to 9 chicks died in each of the groups given the brain cultures. Unlike the chicks in the other groups, many given one of these cultures, designated No. 8, exhibited pronounced signs of nervous involvement. This culture and one of the others, designated No. 3, were plaque-purified and re-tested with similar results. In view of their difference, both were used in the subsequent studies. The characteristic feature of all the Chicks infected with tsI8 in its original and passaged forms was the very low concentrations of plaque-forming virus in their tissues, even in chicks that were very ill or that had just died; tbe concentrations in their noses, trachea and lungs were lower than those that had been found in the tissues of the chicks infected with Hitchner B I. Furthermore, there was no important difference between the distribution of virus in the chicks infected with the avirulent original form of tsI8 and in those infected with either passage of the virulent culture No. 8 or the even more virulent culture No. 3. Slightly higher concentrations of virus were found in the tissues of the chicks inoculated with tsi6 but, as in the case of those given tsl8, it was not uncommon to find very low concentrations in some of the very ill or recently dead chicks. Also, the concentrations were no higher in the chicks given the avirulent original and first passaged forms than in those given the virulent second passaged form. Much higher concentrations of virus were found in all the tissues examined from the chicks inoculated with the virulent first and second passaged forms, but not the avirulent original form of ts2I. They were not, however, as high as those found in the chicks infected with Essex 7o. The highest concentration of virus found in the nose of any of the chicks infected with Essex 70 was IO s p.f.u./g. The corresponding figure for chicks given the different forms of Hitchner B 1, tsl 6 and ts2i was io 5, lO 4 and 5 × ~o 4 respectively; for chicks given the original avirulent form of tsI 8 it was lO s and for those given either of the two virulent passaged forms it was xo ~. Essex 70 was more virulent than any of the passaged forms of tsI6, tSl8 or lS21 --although all the chicks inoculated with some of these forms died, their survival times were longer than those inoculated with Essex 7o (Table 8) .
Despite the increased lethality of the passaged forms of tsI8, its temperature-sensitive character, judged by chick embryo lethality tests had not altered; when inoculated with the final passaged forms of isolates 3 and 8, the median survival time in days of chick embryos at 37 °C was 4 (range 4 to 4) and 3 (range z to 3) respectively and at 41 °C was 6 (range 4 to 8) and 5 (range 3 to 6) respectively. The corresponding figures for the final passaged forms of ts2I and ts~6 at 37 °C were 2 (range 2 to 2) and z (range 2 to 2) respectively and at 41 °C were 2 (range 2 to 2) and 3 (range 2 to 3) respectively, indicating that ts21 was no longer temperature-sensitive and tsi6 was only slightly so. Compared with the original forms, the final passaged forms of tsI6, tSl 8 and, particularly, ts2I produced a somewhat greater c.p.e, in CEK at 4 r °C and, with the exception of isolate 3 of tsI8, produced slightly larger plaques at 37 °C on plates of CEK. In no case did any of them approach Essex 7o in these respects.
To confirm that NDV was indeed responsible for the illness in the chicks whose tissues were found to contain only low concentrations of plaque-forming virus, a CEK culture prepared from the brain of a chick that had died following inoculation with a passaged form of tsI6 was inoculated intranasally into three groups of 25 chicks. Fourteen days previously, one of these groups had been vaccinated with Hitchner Be and another with the dead oil-based NDV vaccine. None of the chicks in the vaccinated groups died but all those in the unvaccinated group did. To explore the possibility that non-plaque-forming NDV virus might have been responsible for the illness in the chicks, o-oT ml of falling tenfold dilutions of a suspension of brain tissue of a chick that had died following inoculation with a passaged form of ts18 isolate 3 was given intranasally and subcutaneously to groups of Io chicks; the suspension contained 3oo p.f.u./g. Seven of the Io chicks inoculated subcutaneously with the undiluted suspension died but all the others remained well. When the experiment was repeated using brain suspension, 6o p.f.u./g, of a chick that had died following infection with the virulent form of tsr6, 4 chicks which were inoculated subcutaneously with undiluted suspensions died, but none of the others.
DISCUSSION
None of the low virulence stock strains of NDV were temperature-sensitive as judged by ability to produce a c.p.e, in CEK monolayers at 4I °C. Developing chick embryos inoculated with the FI46 and Queensland strains certainly survived for a long time at 4I °C but so did those held at 37 °C. These low virulence strains could easily be identified by their failure to produce a good c.p.e, in CE and BHK at 37 °C, an observation that has also been made by Reeve & Poste 097I), and Reeve et aL (I972). However, neither this property nor failure to produce a good c.p.e, in CEK at 4r °C served to identify the mutants of Essex 7o that were of markedly reduced virulence for chicks. Mutants that differed from the parent strain in these respects either exhibited no reduction in virulence or, more usually, only a slight reduction. In general, the mutants resembled those obtained by Granoff 0960 by nitrous acid treatment in that their virulence was related to plaque size. The best indicator of avirulence, however, was a marked reduction in the ability to kill developing chick embryos at 4I °C, a feature possessed by mutants isolated following hydroxylamine treatment and, more especially, following NTG treatment. That temperature-sensitivity determined by embryo lethality did not run parallel with that determined by c.p.e, production in CEK might have been due to inherent differences between these two systems and/or inaccuracies of hot-air incubation. The Is mutants of the Hert s strain of NDV studied by Prebble & Youngner (I 972) showed some variation in regard to cut-off temperature. It may be that the mutants we found to be temperature-sensitive in CEK and in chick embryos had a lower cut-off temperature than those we found to be temperature-sensitive in CEK only. This would he in accord with the observation that the former were much less virulent for chicks than the latter.
Although the results of the more detailed examinations of 3 of the low virulence strains, ts ~ 6, ts~ 8 and ts2 ~, did not support our initialhypothesis that temperature-sensitive mutants of NDV would be restricted to the upper respiratory tract of chickens, they did indicate, at first, that these mutants were worthy of consideration as potential commercial vaccines. For example, the immunity they produced in antibody-free chicks, apart from being as complete as that produced by Hitchner Br, was probably of longer duration-chicks, I I2 days after inoculation with either of them, had higher titres of HI antibody in their blood than chicks similarly inoculated with Hitchner Br. Like Hitchner BI, but unlike the dead oil-based vaccines, they produced a good immunity within 7 days of inoculation. Their inability to spread readily from chick to chick, their depressive effect on the growth rate and their tendency to facilitate the development of generalized Escherichia coli infection in chicks inoculated with these organisms and Mycoplasma gallisepticum placed the 3 mutants at a disadvantage to Hitchner BI. Furthermore, they appeared to be even less effective than Hitchner BI in stimulating the production of additional antibody in chicks that already had substantial amounts. Their greatest disadvantage, however, was the tendency to revert to virulence, although in no case were the revertants as virulent as Essex 7o itself. The reversion to virulence of ts21 was accompanied, not unexpectedlyin view of the loss of temperature-sen sitivity, by greatly increased concentrations of plaque-forming virus in the tissues of infected chicks. This was not so in the case of tst8, whose revertants, as judged by chick embryo lethality tests, were as temperature-sensitive as tsI8 itself, or in the case of tsI6, whose revertants still exhibited some degree of temperature-sensitivity-the concentrations of plaque-formlng virus in the tissues of the chicks infected with these revertants were little different from those found in the chicks infected with ts18 and tsI6, the amount of virus found in all these chicks being surprisingly low. Because high concentrations of lethal non-plaque-forming virus could not be demonstrated in these chicks and chicks were completely protected by prior vaccination with Hitchner Bl or the dead oil-based vaccine, it is logical to assume that plaque-forming NDV virus and not a non-plaque forming agent was responsible for their illness. If this is so then the revertants must differ from tsI 8 and tsI6 in possessing pathogenic properties not associated with proliferative ability.
That its revertants, although virulent, were as temperature-sensitive as tsI 8 itself provides a good illustration of the presence of multiple mutants in our NTG-treated material. This was not surprising in view of the high mutation rate we detected -the probable consequence of the high dose of NTG employed.
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